A coral nubbin was placed in a sealed respiration chamber filled with FSW in the dark to photosynthesis. The samples were then decalcified and decolorized as described to the whole mount immunofluorescence protocol described above. The coral samples 1 5 6
that were not subjected to hypoxyprobe incubation were used as negative control,
while the coral samples incubated in the dark with air bubbles were set as normoxic 1 5 8
control. The samples were finally subjected to DAPI staining and RI matching as described earlier. 3D images of the coral samples were taken using ZEISS lightsheet Z.1 system. The some modifications. A glass capillary with an inner diameter of 2 mm, a 1 mL syringe
with an inner diameter of 4.7 mm, and a glass tube with inner diameters of 3.5 and 6 1 6 6 mm with a custom-made plunger were used to mount the coral samples with an 1 6 7 appropriate size. A 3D-printed adaptor was used to fasten the glass tube to the syringe 1 6 8 sample holder of the microscope. After RI was adjusted, the coral samples were 1 6 9 transferred to a mounting medium (RIMS with 1.5% low-melt agarose, RI = 1.450,
50 °C to 55 °C), gently inverted several times to avoid bubble formation, and appropriate inner diameter and placed at 4 °C in a light-proof moisture chamber for at mounted and immediately imaged or stored at 4 °C in the moisture chamber until they
were subsequently imaged. Before imaging was performed, the samples stored for
hours or longer were re-immersed in RIMS to re-adjust RI to 1.45. A clearing (RI = 1.45) optical setting with a 5× objective was applied to the ZEISS 1 7 9
lightsheet Z.1 system, whereas a 0.6-1.5 × tube lens was used depending on the size glass capillary or the syringe, equilibrated for 10 min to 20 min, and imaged. The coral samples with a thickness of >600 µm were subjected to two-view image were excited using a 561 nm laser and collected with a 590 nm bandpass filter. The
autofluorescence of the chlorophyll was excited using a 410 nm laser and collected
with a 610 nm long-pass emission filter. The samples in one experiment were thickness, and z-stepping. Quantitative analysis of 3D image data
Multi-view image data were fused and deconvoluted with ZEN software (Black proliferation and cell apoptosis, were counted directly by using a similar analysis
pipeline with a proper threshold setting. DAPI signal was used to calculate the volume and surface area of the coral samples.
Serial longitudinal optical sections were converted to cross-sections by using the were used as an analysis pipeline, and the same threshold settings were applied to all volume. The scope of analysis was adjusted in three dimensions to calculate the 2 2 7
number of Symbiodiniaceae cells and the volume of the tissues in a specific area. The coral samples were fixed on site by using paraformaldehyde to preserve under in 2 3 2 situ conditions. Decolorization was conducted to the samples while the fluorescent 2 3 3 signal of the chlorophyll was still detectable to easily distinguish Symbiodiniaceae significantly enhanced (Fig. 1a) . Target-specific information could be obtained show the structure of the gastric cavity and the organs inside, such as the mesenterial 2 4 5 filament ( Fig. 1c and Supplementary Fig. 1b ). With these methods, the coral tissues (SBWG) but not in the aboral tissue (Fig. 1d) . With the high spatial resolution of the between tentacles of one coral polyp could be documented (Fig. 1e) . The 3D The fluorescent signals of Symbiodiniaceae were easily identified in the 3D-rendered Symbiodiniaceae cells might be counted as one when they were too close to one coral sample, the boundary was unidentifiable (Fig. 3b) . In such a sample, the 2D decreased roundness (Fig. 3c) . The identified clump of the multiple cells could be ( Fig. 3d ). Thus, with the help of the roundness and sphericity information, the signals tissue surface area. In the branch tip shown as an example (Fig. 1b) assuming 100% cell recovery) for the whole branch segment. TC-LSFM could also be performed to visualize the physiological conditions in the 2 9 2 coral tissues. Using EdU cell proliferation assay, we imaged the numbers and spatial proliferating cells and a low density of Symbiodiniaceae cells in the apex (Fig. 4a ).
9 5
We obtained Pocillopora damicornis micropropagates through a "bailout" procedure
and conducted a TUNEL assay to detect apoptotic cells during bailout and
reattachment. Numerous apoptotic cells were observed, suggesting that tissue
remodeling occurred immediately after the polyp bailed out (Fig. 4b) . We also 2 9 9
performed the whole mount fluorescence immunolabeling of histone phosphorylation,
which is a specific marker of mitosis, in newly reattached coral micropropagates.
Mitosis was quickly initiated after re-attachment in the coral (Fig. 4c) but not in the were labeled at the same time, the signal was distinguishable by using a segment filter Symbiodiniaceae. The mitotic status of the labeled Symbiodiniaceae cells was also showed that the polyp flattened after re-attachment and the distribution of to coral reproduction research, we also collected the 3D images of spermary of
Acropora sp., and the developing lumen indicated that the spermary was at stage III of Coral cells can experience hypoxia and severe stress at night due to the on and off dynamics of photosynthetic oxygen production [29] . To address the challenge in
detecting cellular hypoxia in a coral holobiont, we applied a hypoxyprobe, which is Symbiodiniaceae cells could be detected using TC-LSFM method. In this experiment, (green fluorescence) was observed along the tissue depth (Fig. 5a ). No fluorescence
signal was detected in the pimonidazole negative control, whereas only a weak signal
was detected in the tentacle area of the normoxic control (dark condition with oxygen 3 2 7
supply) (Fig. 5a) . Some of the Symbiodiniaceae cells that were spatially unevenly
distributed showed signs of cellular hypoxia (Fig. 5b) . The percentage of the 3 2 9
hypoxia-stressed Symbiodiniaceae cells could be estimated using the signal volume 3 3 0 algorithm described above. In the two selected areas shown in Fig. 5b , similar
Symbiodiniaceae densities were observed (1.81×10 5 and 2.07×10 5 for left and right Here, we report the development of a novel technique by combining tissue-clearing technique and light sheet fluorescence microscopy. We also demonstrate that this new
technique is powerful for collecting quantitative information on the 3D spatial fluorescent cells rather than the intensity of fluorescence. The success in all our initial attempts to couple TC-LSFM with several currently Symbiodiniaceae mitotic index is an important parameter in determining the components of coral population recruitment and growth [32, 33] . 3660-3665. Prog Ser 1990; 60: 299-303. Biotechnol (NY). 2010; 12: 594-604. 
